Introduction
In the past 15 years the Long Valley caldera, located east of the Sierra Nevada range in California, has had two episodes of rapid inflation without any eruption or deflation between episodes. The first episode started after 1976 (most likely after mid-1979) and continued into the 1980s. Evidence presented by Langbein [1989] and Savage [1988] showed that the rapid inflation measured in the first half of the decade slowed such that the strain rates approached background levels of the order of a few parts in 10 7 per year by 1988 . Langbein et al. [1993a] established and Dixon et al. [1993] confirmed that the second round of inflation started in October 1989 and continues into 1995, and they argued that the second episode was driven primarily by a magmatic source rather than a regional tectonic source. This conclusion was based on the fact that the inflation preceded the renewal of seismicity and that the geodetic moment associated with the inflation is more than a factor of 10 greater than the seismic moment release within the caldera. This may also be true for the first episode of inflation but cannot be verified because frequent geodetic observations were lacking [Mogi, 1958] under the resurgent dome. With the addition of high-precision trilateration data, additional sources of deformation were needed to adequately model the observations. For the second episode of inflation, Langbein et al. [1993a] found that slip on one of the medial graben faults within the resurgent dome was a secondary source of deformation. The first episode was more complicated, requiring fault slip in the south moat plus a weak source of inflation near the southwest border of the resurgent dome.
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With the additional leveling data [Yamashita et al., 1992] that span the caldera and cover the period of the second inflation (1988) (1989) (1990) (1991) (1992) it is our purpose to refine the models presented earlier. We use both the vertical displacements measured by leveling and the horizontal displacements measured using the two-color geodimeter network. We find that although two sources of inflation are required to model the data, these sources are nonspherical pressure sources, and we modeled these sources with ellipsoidal inclusions described by Davis [1986] . Significantly, we find the source beneath the resurgent dome to be at 5.5 km depth, which is 2-3 km shallower than found previously. Although poorly constrained, the second source is located either beneath the south moat or farther south at a depth in excess of 10 kin. Although leveling data give a spatial sense to uplift, the signal-to-noise ratio of the two-color data vastly exceeds that of the leveling data ( Table 1) Both the leveling and the two-color data are a result of both long-and short-wavelength deformation. The deformation causing the uplift and the extension is most likely due to inflation of the resurgent dome, the details of which we are attempting to uncover. In addition, the leveling data also 
Modeling
We employ a grid search algorithm that specifies the location and geometry of a set of N sources to compute the influence of a unit of displacement from each source on the length of each baseline and on the relative uplift of each section, known as the A matrix. Using least squares to minimize the misfit between the observations and the calculated displacements, the magnitude of each source x is estimated. After changing one of the parameters that specifies the location or geometry of one source a new set of A matrices is computed, and x is determined again by least squares. This process is repeated by allowing a large set of source geometries and locations to change. A list is created of source locations and values of X 2, the summation of the squares of the difference between the observed and predicted displacements normalized by the a priori data error, with the smallest X 2 selected. In addition, the sensitivity of each parameter that specifies location, geometry, and size can be assessed graphically in terms of its effect on the model fit. To show that the models constructed using the leveling data and the temporally decimated two-color data are consistent with all of the two-color measurements, we constructed a time-dependent function of each source using the method of Langbein [1989] and evaluated the misfit of the model to the observations. For models I, III, and IV the value of the normalized RMS misfit is tabulated in Table 2 .
To reduce the number of time-dependent terms with the ellipsoidal sources, we combine the six components of the stress tensor into a single scalar by assuming that the ellipsoidal source has a constant geometry in time. That is, the ratio between the components of the stress tensor remain invariant. Examination of the misfit ratio shows that the successive improvements achieved from model I to model IV constructed using both the leveling and decimated twocolor data are reflected in better fits to all of the two-color data. We consider the misfit ratio of less than 1.5 with model IV to indicate a satisfactory fit of the model with the two-color measurements since the time-dependent error associated with potential monument noise has not been factored into the a priori error of the two-color measurements.
Sensitivity Analysis
To examine the individual contributions of leveling and two-color data estimating the location of the inflation beneath the resurgent dome, we use the simple Mogi [1958] point source since this model of uniform pressure change could adequately satisfy each data set separately (Table 2, When both data sets are used to estimate the parameters of an ellipsoidal source (model III), we find through sensitivity analysis that the optimal depth lies within 1 km of 7 km (95% confidence level) and the horizontal position lies within 0.8 km of the optimal location (again, 95% confidence level).
The sensitivity of the data to the position of the second source indicates that its depth lies between 10 and 20 km and its horizontal position can range asymmetrically on either side of the optimal location before the models can be rejected at the 95% confidence levels. That is, an acceptable location could range from 3 km north to 5 km south of the optimal location and from 2 km east to 6 km west of the optimal location shown in (Figures 1 and 2) , but no such offset was detected near this point (Figure 2b) . Therefore, to satisfy both the two-color geodimeter data and the leveling data, we needed another source rather than slip on the medial graben. The model with either a dike or a pipe located at >10 km depth beneath the southern part of the caldera satisfies the data with our preferred interpretation being an inflation of a pipe which is represented by an ellipsoidal source with a by Langbein et al. [1993a] , the data from these baselines provide minimal constraints on the geometry of intrusion. it is the leveling data discussed here that provide more convincing evidence of intrusion beneath Mammoth Mountain.
